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Chondrortm sulfate/dermatan sulfate proteoglycans were obtamed from the secretrons f cultured rat hepatlc hpocytes The collagen-bmdmg s all
proteoglycan II represented only a mmor spectes (less than lo%), whereas tmtlar amounts of small proteoglycan I and of a novel collagen-bmdmg 
proteoglycan with a core protem of 101 kDa were found These results support the concept ofa special role of hpocytes m the pathogenests of 
liver fibrosts 
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1. INTRODUCTION small chondrortin sulfate/dermatan sulfate proteogly- 
cans and additionally a core protein of 101 kDa. 
Liver fibrosis is characterized by an excessive deposi- 
tion of matrix components (see [l] for a review). It had 
previously been shown that cultured hepatic lipocytes, 
also known as Ito cells, fat-storing, or vitamin A- 
storing cells, and not hepatocytes are the principal 
collagen-producing cells of normal rat liver [2-41. 
Biochemical and morphological evidence indicated that 
small proteoglycans are regularly associated with m- 
terstrtial collagen fibrils and participate in the regula- 
tion of fibril formation [5]. There exist two classes of 
small chondroitin sulfate/dermatan sulfate proteo- 
glycans [6,7], proteoglycans I (biglycan) and II (de- 
corin), which have homologous core proteins of similar 
size. Small proteoglycan II have been localized in 
human liver along the sinusoidal spaces [8] and in 
fibrous scars [9]. 
2. MATERIALS AND METHODS 
Hepatlc hpocytes were Isolated from Sprague-Dawley rats as 
described previously 1131 2 x 10’ (4- and 11-day cultures) and 2 x 
IO6 cells (l- and 2-day cultures), respectrvely, were plated m IO-cm’ 
Falcon plasttc dishes [I 11. Adherent cells conststed of more than 90% 
hpocytes Contammatmg cells were mainly Kupffer cells 
In view of the possible functional importance of 
small proteoglycans it seemed desirable to identify the 
type of liver cell responsible for their production. 
Hepatocytes synthesize almost exclusively heparan 
sulfate proteoglycans [lo]. Monolayer cultures of 
Kupffer cells were found to incorporate only trace 
amounts of [35S]sulfate into proteoglycans [ll, 121. 
Cultured lipocytes, on the other hand, secreted predo- 
minantly chondroitin sulfateidermatan sulfate pro- 
teoglycans [l 11. Their core protems, however, have not 
yet been characterized. In this study it will be shown 
that liver lipocytes express core proteins of both the 
Prior to metabolic labehng of proteoglycans, the cells were prem- 
cubated for 1 h m modified, leucme-free Waymouth MAB 87/3 
medmm [13] Labehng was performed for 6 h m 2 ml of this medium 
contammg either 2 9 MBq of L-[4,5-‘Hlleucme (spec act. 1 8 TBq/ 
mmol, Amersham-Buchler) or 1 45 MBq of [3SS]sulfate (carrier-free, 
Amersham-Buchler) The medmm was subjected to an ammonmm 
sulfate prectpttatton step, and the proteoglycans were purtfted by 
chromatography on DEAE-Trtsacryl (Pharmacta LKB) as descrtbed 
1131 They were characterized after enzymattc degradatton wtth chon- 
drottm ABC lyase (Setkagaku Kogyo) by SDS/polyacrylamtde gel 
electrophoresis and fluorography as quoted earher [13] In case of 
tumcamycm treatment, cultures were premcubated for 16 h wtth the 
drug and labeled m the continuous presence of the mhtbttor 
Bmdmg of hpocyte-derived proteoglycans to acid-soluble type I 
collagen (Stgma) was studted m a ftbrtl suspension assay as described 
[14]. Bound proteoglycans were solubthzed by bothng m 1% SDS 
Rabbtt antibodies agamst he small proteoglycans core protem from 
the secretton of rat skm ftbroblasts were obtained analogously to 
those agamst he human small proteoglycans II core protem [15] 
3. RESULTS AND DISCUSSION 
Correspondence address H Kresse, Institute of Physlologtcal 
Chemistry and Pathobtochemtstry, Umverstty of Munster, Waldeyer- 
str 15, D-4400 Munster, FRG 
Hepatic lipocytes incorporated [35S]sulfate and 
[3H]leucine into secreted macromolecules. It had 
previously been shown that heparan sulfate proteo- 
glycans represented only 6-8070 of extracellular sulfated 
macromolecules [ 131. Correspondmgly, digestion of 
sulfate-labeled proteoglycans with chondroitin ABC 
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Fig.1. SDS/~i~~~r~Iamide g l electrophoresis of proteoglycans secreted by iipocytes in primary culture. [‘sSfSulfate- (left panel) and [~~~eu~jne- 
labeled (right panel) proteoglycans were obtained from iipocytes cultured for the times indicated and treated with chondroitin ABC lyase (ABC) 
or buffer alone prior to gel el~troph~resis. TM, treatment with tuni~amycin (0.2 fig/ml). Note that radioactive bands from day 1 lipocytes are 
barely visible due to cdl losses during the washing procedures. 
Iyase which degrades both dermatan sulfate and chon- 
droitin sulfate, led to an almost complete removal of 
35S-radioactivity in proteogiycans (fig. 1, ieft panel). In 
case of [3H]leucine-labeled proteoglycans this treat- 
ment made possible the visualization of a single core 
protein of 101 kDa and of a diffuse double band of 
51 kDa and 46 kDa (fig.1, right panel}. The former 
core protein has not yet been described as an ex- 
tracellular matrix component, but a 105kDa core pro- 
tein has been mentioned recently as a product of a rat 
pheochromoc~oma cell line f 151, The core proteins of 
51 kDa and 46 kDa exhibited a similar molecular size 
as the chondroitin ABC lyase-digested core proteins of 
bovine and human dermatan sulfate proteoglycans I
and II which were between 45 kDa and.50 kDa due to 
a variable number of oligosaccharide substitutions 
[ 13,161. The appearance of two bands in human pro- 
teoglycan II has been shown to result from the at- 
tachment of either two or three as~~agine-bound 
oligosaccharides [13]. Treatment of rat lipocytes with 
tunic~ycin gave rise to core proteins of 91 kDa and of 
44 kDa which are considered to be the N-glycan-free 
species. It should be noted that the core proteins of 
small dermatan sulfate proteoglycans were detectable 
at all times during primary culture of the lipocytes. 
However, on day 11 the cells produced core proteins of 
slightly elevated size (52 and 47 kDa) which could have 
arisen due to differences in oligosaccharide processing. 
Additionally, a reduced relative proportion of the 
101 kDa core protein was found. 
Human skin fibroblasts from juvenile and adult 
donors produce predominantly small dermatan sulfate 
proteoglycan If, small dermatan sulfate proteoglycan I
being below the limit of detection [17]. Under the 
234 
assumption that rat skin fibroblasts behave analogous- 
ly, we raised an antiserum against the core protein of 
the small proteoglycan from-rat skin fibroblast secre- 
tions (fig.2A). This antiserum precipitated small 
Fig.2. S~S~polyac~lamide gel ekectropboresis of skin fibroblast 
proteoglycans (A), and of collagen-binding (B) and immunoreactive 
(C) proteogiycan core proteins from lipocytes. [3H]Leucine-labeled 
secretions from rat skin fibroblasts were immune-precipitated and 
treated with chondroitin ABC lyase (A2) or buffer alone (Al). In (B), 
[3H]leucine-labeled proteoglycans from day 2 lipocytes were in- 
cubated with fibrillar type I collagen. Bound (Br) and unbound (B$ 
proteoglyca~s were separated by ~entrifugation, dried, washed with 
methanol to remove sah, and treated with chondroitin ABC fyase. In 
(C), the immune precipitate from f’H]leucine-labeled secretions of 
day 2 lipocytes was subjected to electrophoresis after chondroitin 
ABC Iyase digestion. 
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amounts of radioactivity from day 2 cultures of rat 
lipocytes which comigrated with the skin fibroblast 
product after treatment with chondroitin ABC lyase 
(fig.2C). However, upon immune precipitation of 
purified proteoglycans from day 2 cultures, only 8% 
(6-lOolo in 3 different experiments) of the added 3H- 
radioactivity reacted with the antibodies, whereas 
[3H]leucine-labeled proteoglycans from rat skin fibro- 
blasts were almost quantitatively immune-precipitated. 
Densitometric scanning of the fluorograms of chon- 
droitin ABC lyase-treated proteoglycans from day 2 
cultures indicated that 60% of the ‘H-radioactivity 
migrated as 5 1 kDa and 46 kDa core proteins, and 40% 
as the 101 kDa core protein. Taking into account the 
results of the immune precipitations, the composition 
of secreted proteoglycans from day 2 cultures was 
calculated to be as follows: 52% small proteoglycan I, 
8% small proteoglycan II, and 40% proteoglycan with 
the core protein of 101 kDa. 
Binding of proteoglycans to type I collagen was 
measured by incubating 250 pg of collagen fibrils with 
2 kBq of [3H]leucine-labeled proteoglycans from day 2 
cultures. The proteoglycans edimenting with the fibrils 
were digested with chondroitin ABC lyase and sub- 
jected to SDS/polyacrylamide gel electrophoresis 
(fig.2B). 42% of the added radioactivity were found to 
cosediment with type I collagen fibrils, the majority of 
which exhibited the electrophoretic behaviour of the 
101 kDa core protein. These results are in accordance 
with the notion of Hedbom and Heinegard [18] that the 
main type of small proteoglycans produced by lipo- 
cytes, small proteoglycan I, does not interact with col- 
lagen. Our results identify in addition to the 
well-known collagen-binding small dermatan sulfate 
proteoglycan II [5] a novel proteoglycan with a 
101 kDa core protein as a collagen-binding species. 
Although the exact role of this proteoglycan remains to 
be defined, this study supports the concept of a special 
role of lipocytes in the pathogenesis of hepatic fibrosis. 
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